In many plant tissues, either an increase of protein and RNA synthesis or an increase in the incorporation of labeled precursors into these macromolecules in the target tissue is evoked by hormones.'-6 A few reports indicate that hormones may also enhance the RNA synthesis by isolated nuclei.7-'0 It has in no case been shown that the increased RNA synthesis is a primary effect of the hormone, as opposed to a secondary or derivative effect. Nor has it been shown whether or not the RNA synthesized by the hormone-treated nuclei is qualitatively different from that synthesized by the control nuclei. Because lightgrown dwarf peas respond to exogenous gibberellins, we decided to study possible hormone-nuclei interactions by treating isolated nuclei of dwarf peas with gibberellic acid (GA). The results show that GA can interact with cell homogenates and modify RNA synthesis by nuclei. GA-treated nuclei not only synthesize more RNA than the control nuclei, but also the RNA has a nearest-neighbor frequency different from the RNA from control nuclei. The response is discernible only if the nuclei are isolated in the presence of hormone. The lack of response in the nuclei isolated in the absence of hormone is probably due to loss of a factor (or factors) during isolation. Progress no. 9) were germinated in continuous light of 900 ft-c at 230C in vermiculite.
In many plant tissues, either an increase of protein and RNA synthesis or an increase in the incorporation of labeled precursors into these macromolecules in the target tissue is evoked by hormones.'-6 A few reports indicate that hormones may also enhance the RNA synthesis by isolated nuclei.7-'0 It has in no case been shown that the increased RNA synthesis is a primary effect of the hormone, as opposed to a secondary or derivative effect. Nor has it been shown whether or not the RNA synthesized by the hormone-treated nuclei is qualitatively different from that synthesized by the control nuclei. Because lightgrown dwarf peas respond to exogenous gibberellins, we decided to study possible hormone-nuclei interactions by treating isolated nuclei of dwarf peas with gibberellic acid (GA). The results show that GA can interact with cell homogenates and modify RNA synthesis by nuclei. GA-treated nuclei not only synthesize more RNA than the control nuclei, but also the RNA has a nearest-neighbor frequency different from the RNA from control nuclei. The response is discernible only if the nuclei are isolated in the presence of hormone. The lack of response in the nuclei isolated in the absence of hormone is probably due to loss of a factor (or factors) during isolation.
Materials and Methods.-Isolation of nuclei: Seeds of dwarf pea (Pisum sativum L., cv.
Progress no. 9) were germinated in continuous light of 900 ft-c at 230C in vermiculite.
The shoots were excised from 7-to 8-day-old seedlings and all subsequent isolation procedures were carried out in a cold room at 2-4oC. Fifty to 60 gm of shoots were chopped with a razor blade into 0.5-to 1-mm segments in 10 ml of buffer ( Extraction of nucleic acids: The ribosomal RNA from dwarf pea shoots or the RNA synthesized in vitro by nuclei was purified using sodium 4-aminosalicylate and phenol."6 17 The recovery of the RNA synthesized by nuclei was greatly improved if the emulsion before the separation of aqueous phase and deproteinization was subjected to sonic disintegration for 1 min. Usually 75-85% of the acid-precipitable radioactivity was recovered in RNA fractions. MAK chromatography: Nucleic acids were dissolved in 0.3 M NaCl in 0.05 M KH2PO4 (pH 6.7) and fractioned on MAK columns.'8 The elution'9 was done at 370C with a 400-ml linear gradient of NaCl from 0.3 M to 1.6 M in 0.05 M KH2PO4, pH 6.7. The fraction of RNA not eluted by salt gradient has been referred to as tenaciously bound RNA and was eluted with 2% sodium lauryl sulfate.20 Fractions of 3-4 ml each were collected and assayed for optical density at 260 mju. Radioactivity was determined after filtering the acid-insoluble material on the membranes as described above.
Sucrose density gradient centrifugation: The RNA was characterized by zonal centrifugation using 24-ml linear gradients of sucrose from 4 to 20% in 0.05 M NaCl and 0.05 M sodium acetate (pH 5.3). After centrifugation, 40-drop fractions were collected from the bottom and assayed for optical density at 260 mu after the addition of 2 ml of water. Radioactivity was determined as in the MAK column fractions.
Results-Characterization of RNA synthesis by nuclei: Using the methods described, the yield of nuclei represented 7-10 per cent of the DNA in the shoots. Microscopic examination showed some distortion of the shape of the nuclei and slight contamination with starch grains, fragments of chloroplasts, and chromatin. The ratio of DNA: RNA: protein in these preparations averaged 5:1:25.
The isolated nuclei incorporated CTP-H3 into acid-insoluble material up to six to nine minutes ( Fig. 1 ) at 150C. At higher temperatures (250C and 37°C), the total incorporation was the same but the reaction was complete in two to four minutes. Routinely we preferred to use 150C as it was helpful in reducing ribonuclease activity. The CTP-H3 incorporation was almost completely dependent on the presence of divalent cations (Mg++), and strongly dependent on the presence of all four nucleotides ( Reaction was carried out in 0.5 ml as described under Material8 and Method&. Treatment with actinomycin D was given at ice-bath temperature for 5 min before the addition of nucleotides. Spermine tetrahydrochloride was omitted when ribonuclease and deoxyribonuclease were tested, and the nuclear suspension was pretreated with these enzymes for 30 min at 250C before the reaction was started. Incorporation was carried out at 151C for 6 min and was terminated by the addition of 5 ml of 10% TCA.
* After the completion of CTP-H3 incorporation, the reaction tubes were cooled in the ice bath and then the enzymes were added. The tubes were reincubated at 370C for 10 min before the determination of TCA-precipitable counts.
ing the nuclei with DNase prior to incubation greatly decreased the incorporation, whereas DNase has little effect if added after the termination of incubation. These results indicate that CTP-H3 is in fact incorporated into RNA, and DNA as template is needed. The nearest-neighbor analysis (results presented later) showed that RNA synthesized in vitro was a heteropolymer and therefore the possibility of CTP incorporation due to CCA labeling of sRNA or due to poly C formation was eliminated.
The RNA synthesized by the nuclei remained associated with the nuclei as does that synthesized by pea chromatin.2" The pea nuclei system in the absence of added polymerase incorporated 40 jAA~moles of CTP/mg DNA/6 minutes into RNA.
Effect of gibberellic acid on RNA synthesis: There was no effect on RNA synthesis if the purified nuclei were treated with GA for periods up to two hours prior to incubation for RNA synthesis (Table 2) . Moreover, incubating the nuclei for two hours at 15'C caused a gradual decrease of incorporation, in fact there was a slight inhibition in all the treatments. In contrast, the isolation of nuclei in the presence of GA (included in the buffers used for grinding, layering, and incubating) resulted in an enhancement of RNA synthesis (Table 3) . M\laxi-mum response by GA3 was observed at 10-8 M concentration. The greater rate of RNA synthesis was maintained over a wide range of DNA in the nuclei (Fig. 2) .
To find the critical step during isolation after which the addition of hormone had no effect, GA was added at different steps during isolation. The increase in RNA synthesis was greatest when GA was added in the beginning (during the grinding and chopping); it gradually declined as GA was added at later steps (Table 4 ). Significant response was still observed if GA was added to the filtrate VOL. 59, 1968 Nuclear suspension treated with GA3 for varying durations at 15'C before the addition of nucleotides and final incubation for 6 min. Reaction was carried out in 0.5 ml and all experimental conditions same as described in Table 1 . All values represent the average of duplicate determinations. The reactions were carried out in 0.5 ml and all conditions were as described in Table  1 . Gibberellic acid at the concentrations indicated was present in each experiment in the buffers used for layering and incubation. The first step at which GA3 was given to the tissue was either (A) during the grinding of shoots (nuclei received hormone treatment for 90-120 min), or (B) after the homogenate had been filtered through cheesecloth and miracloth (nuclei were exposed to GA3 for 40-50 min).
or to the crude pellet containing nuclei. Whole cells are, therefore, not needed for hormonal response, and the earlier the hormone is added the greater the response.
GA8 is inactive in promoting internode elongation in dwarf peas.22 It turns out that at a concentration of 10-8 M, whereas GA3 evokes an optimal response, GA8 has hardly any effect on RNA synthesis by isolated nuclei (Table 5) . The cell homogenate thus shows specificity with reference to inactive and active gibberellins and only the latter evoke the response.
Characterization of RNA: Nearest-neighbor analysis indicated that there was a significant difference in the relative distribution of radioactivity among the four 2'-3' nucleotides in the RNA synthesized by hormone-treated and untreated nuclei (Table 6 and Fig. 3 ). The nuclei exposed to GA during isolation showed a higher frequency of adenine-and guanine-containing pairs and a lower frequency of cytosine-and uracil-containing pairs. These results indicate that RNA syn- All values represent the average of 3 expts. All other details as described in Table 1 .
thesized by the hormone-treated nuclei is qualitatively different from the RNA synthesized by untreated nuclei. Whether this is true for the whole length of polyribonucleotides or for short stretches cannot be decided by these experiments. On MAK column chromatography of the nucleic acids extracted from the nuclei, the optical density profiles were characterized by a large DNA peak, followed by two broad and short peaks presumably corresponding to ribosomal RNA. Most of the counts after CTP-H3 incorporation were found in the region of ribosomal RNA. Addition of carrier pea ribosomal RNA resulted in some kind of interaction, since well-defined peaks corresponding to marker light and heavy ribosomal RNA were discernible in the radioactivity profiles (Fig. 4) . In all the experiments the counts invariably preceded the optical density peaks by two or three tubes. No peak corresponding to soluble RNA (radioactivity or optical density) was observed in any of the experiments. Of the total counts recovered, 4-10 per cent appeared in the RNA associated with DNA peak, 75-80 per cent with the carrier pea ribosomal RNA, and 10-15 per cent in the tenaciously bound RNA. The RNA synthesized by hormone-treated nuclei was essentially similar, but the specific activity of the RNA associated with DNA and of the tenaciously bound RNA was 20-25 per cent higher than in the control. No significant quantitative difference was found in the specific activity of the bulk of the RNA eluting with the marker ribosomal RNA. These results indicate that GA preferentially enhances the synthesis of a small fraction of RNA.
Characterization on sucrose gradients indicated that the in vitro synthesized RNA sediments in a peak corresponding approximately to 6-10S (Fig. 5A) . Less than one third of the counts sediment in the ribosomal RNA region.
In RNA synthesized by hormone-treated nuclei, more than half of the counts sedimented in the ribosomal RNA region (Fig. SB) . These results indicate that the RNA synthesized by hormone-treated nuclei has a higher average Control and hormone-treated nuclei (10-8 M GA3 present during the isolation and incubation) were incubated in the presence of 25 pc of either CTP-a32P or UTP-a32P (890 me/ mmole, each) in 2.5 ml at 151C for 6 min. The proportion of the other three nucleoside triphosphates was adjusted according to the proportions described in Materiols and Methods. molecular weight than that synthesized by the control nuclei. Discussion.-The results presented provide strong evidence that GA at physiological concentrations (10-8 to 10-TM) enhances RNA synthesis by isolated nuclei. The nuclei responded to the hormone only if they were isolated in its presence. Comparatively less response was observed if hormone was added at intermediate steps during the isolation. It is conceivable that some factor(s) present in the cytoplasm or nucleus is involved before GA elicits the final response measured as enhancement in RNA synthesis. The failure of purified nuclei to respond to hormone is perhaps related to the loss of this factor during isolation. Alternatively, the hormone may in some way be involved in transporting a factor into the nucleus.
The relationship between hormone, the postulated factor, and RNA synthesis is obscure at this stage but apparently involves a physical interaction (such as noncovalent binding of the hormone to some macromolecule or to this factor) because response to hormone occurs at the low temperature used for isolating the nuclei (2-10C).
The mechanism underlying the increase in RNA synthesis in response to hormone by nuclei also remains to be elucidated. Enhanced RNA synthesis could be due to increase in template sites on DNA and/or due to increase in the activity of the RNA polymerase enzyme itself. The results indicate that the hormone affects only a small fraction of RNA and that this RNA is not only diferent in base sequence (as shown by the nearest-neighbor analysis) but also in size of the molecule. In whatever manner GA interacts with the cell homogenate, RNA synthesis is finally modified qualitatively as well as quantitatively. The relationship of these effects to the GA-enhanced synthesis of hydrolases in cereal grainS2' I and to GA-induced growth responses in other tissues remains to be determined. Summary.-Nuclei isolated from shoots of light-grown dwarf peas in the presence of gibberellic acid (10-8 M) show a higher rate of DNA-dependent RNA synthesis than the untreated nuclei. RNA synthesized by GA-treated nuclei has a different nearest-neighbor frequency and also has a higher average molecular weight than the RNA synthesized by untreated nuclei. Chromatography on MAK column showed that GA preferentially enhances the synthesis of the RNA associated with the DNA peak and the tenaciously bound RNA. Gibberellic acid can thus modify the RNA synthesized by isolated nuclei.
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